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Annotation: The generator of calibration mixtures for obtaining vapor-gas mixtures of mercaptans in wide range of
concentrations (5÷100) mg/m3 is given, which is a unified means of converting gas samples, ensuring their dignified appearance,
preservation of the original composition of the measured gas (substance), cleaning the mixtures from alien components, stability
of samples in temperature, pressure, humidity and flow rate. Analysis and comparison of possible options allows recognizing
calibration method as the optimal, associated with use of exemplary dynamic generator of gas mixtures with permeable tubes.
Keywords: steam-gas mixture, calibration gas mixtures, gas analytical measurement, electrochemical cell.

The development of economic reform, the transition to the principle of regional self-calculation
require intensive ways to solve the problem of satisfying the needs of the national economy in improving
the material and technical base of product quality control [1]. Analysis of the state of measurements at
enterprises and associations of various branches of the national economy showed that the degree of
satisfaction of needs in devices and automation equipment does not exceed 60% on average in the national
economy. At the same time, it should be taken into account that deliveries of mass-produced measuring
instruments no longer provide the required level of metrological assurance when producing new types of
products.
The intensive way of solving the needs of the national economy in progressive means of measuring
and monitoring, graduation and verification is associated with improving the system of program-targeted
planning for the development of metrological assurance. This will create a new generation of high-precision
devices necessary to improve environmental monitoring.
This requires the continuous development and improvement of the reference base – the highest level
of measurement work, reference measurement tools and standard samples.
In the practice of operating gas analytical measuring instruments, calibration gas mixtures (CGM)
with a known ratio of components have proven to be the most effective means of calibration. The accuracy
of the quantitative determination of impurities depends on accuracy of preparation of standard mixtures of
substances. One of the most difficult issues in the practice of gas analytical measurements is the problem of
obtaining and certifying aggressive and highly toxic substances [2].
There are several ways to create mixtures of micro-concentrations of toxic substances – static and
dynamic methods of creating CGM [2]. The static method of their preparation in our case is not applicable
due to the significant effect on the composition of the mixture of the sorption characteristics of materials
(even such as glass or Teflon, which have the least weakly pronounced sorptive properties). The most
acceptable method for preparing CGM of highly toxic substances requires continuous gas flow with known
concentration of components is the dynamic dosing method, especially when the investigated gases are
unstable [3. 4].
Dosing of the analyzable substance can be carried out in different ways [5]:
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- through porous partition;
- through capillary [4];
- through polymer membrane.
Most often, to create calibration mixtures, the dosing method using permeable tubes proposed by
American researchers is used [6]. This method is based on diffusion of investigated gas through polymer
tube, for example, from fluorinated copolymer of ethylene and propylene (PEP-Teflon) or from 4MB
Teflon. In addition to Teflon and FP-Teflon tubes, diffusion tubes from silicone rubber, polypropylene,
polyester, polyamide [7] and polyvinyl fluoride are used. Such systems allow the creation of gas mixtures
with a concentration of 10-2÷10-4 % without additional dilution of the mixture.
Diffusion rate of gases and vapors through the tube wall is proportional to the tube length (wall
thickness and surface area), and is exponential function of absolute temperature that must be carefully
controlled. Fick’s diffusion law describes the diffusion rate from a permeable tube
P P
(1)
V d  D  A  S iW o
where Vd – volume of diffusing gas, ml; D – gas diffusion coefficient, mg/cm·min; А – tube surface area,
сm2; S – gas solubility in the tube material, mkg/l; Pi – pressure in the tube, GPa; Po – pressure outside the
tube with the calibrated substance, kPa; W – tube wall thickness, cm.
Since the solubility S and diffusion coefficient D depend on the temperature T, the tube should be
carefully thermostated during entire calibration process. The temperature control accuracy should not be
lower than ± 0.1 ° C, since a temperature change by 1°C leads to change in diffusion rate by almost 10%.
For assurance of calibration gas mixtures, it is necessary to perform analytical measurements of
concentration of gaseous substances. Measurements consist of several stages, the correct choice of which is
determined by the metrological characteristics of the measurement procedure. The choice of determination
method depends on the component being measured, the object, the range of the determined content and the
accuracy with which it must be performed.
Based on of previously operating enterprise of Chirchik OJSC “Ximavtomatika”, work on creation
of electrochemical gas analyzers has been carried out for 35 years, and thanks to these works, at the moment,
electrochemical gas analyzers for the determination of hydrocyanic acid ASK-1. EXA-221; carbon
monoxide - devices like PALLADIUM; sulfur dioxide - EXA-222 and EXA-223; heptyl - devices of the
CHIMGAN series have been created.
Physical-chemical methods of analysis were used in creating reference tools intended for checking
the listed gas analyzers. Analysis of errors of individual stages of measurements taken from the protocols
of metrological attestations carried out by the All-Russian Scientific Research Institute of Metrology named
after D.I. Mendeleev, shows that the smallest measurement error and the greatest sensitivity are observed
when using the coulometric analysis method with generation of titrant and amperometric indication of the
end point, based on Faraday's law, according to which the mass of substance reacted on the electrode when
a current is passed is:
t
A
A
(2)
m
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Q

nF 0
nF
where А – molecular weight of analyzable substance; I – current value of electrolysis current; t – time of
electrolysis; n –number of electrons involved in reaction; F – Faraday's constant.
Characteristics of developed methods – the range of determined concentrations, the object of the
analysis, the determination error, the level of development and their application are shown in Table 1.
Scheme of local gas analyzer calibration
In developed countries (USA, Japan, Germany, England, France), to calibrate devices for sulfur
compounds, in particular: SO2. H2S, RSH dynamic generators of gas mixtures with permeable (diffusion)
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tubes are widely used. The use of such devices in the Commonwealth of Independent States countries is
still has unit character (despite their indisputable advantages). In order to change the situation, it is
necessary to organize industrial production of both the generators themselves and their replaceable
elements - permeable ampoules.
This work represents one of the stages in solving this problem. As part of the work, it is planned to
solve the following general tasks:
1)
to collect and analyze information related to the development of permeable tubes;
2)
to develop metrological assurance for the gas analyzer, for which it is necessary to develop
calibration scheme and calibration procedure and conduct research on the accuracy characteristics of
calibration tools.
Table 1.
Characteristics of developed methods for determination of HCN, O 3. SO2 and heptyl
Method
Definition range
Object
Error
Development level
Application
Amperometric
(0 ÷2.5) vol.%
solutions, gas ± 2%
Methodology
Gas analyzers
determination of
(0.1÷1.5) mg/m3
mixture
±6%
approved by
АSК-1
hydrocyanic acid
Gosstandart
Amperometric
determination of sulfur
dioxide with iodine

(0.4÷18) vol.%
(0.1÷50) mg/m3

CGM

±3%
±5%

Certificate No. 90.
Methodology M-102.
Certificate

Gas analyzers
EХА-221.EХА222. EХА-223

Amperometric
determination of ozone by
iodine

(0÷850) mkg/m3

gas mixtures
obtained on
dynamic unit

±3%

Methodology
approved by
Gosstandart

State tests
“Ozone-probe”

Amperometric
determination of heptyl

(0÷104) mg/m3

- «» -

±7%

Verification unit for
product vapors G

Biamperometric
determination of heptyl

(0÷10) mg/m3

- «» -

±7%

Methodology
approved by
Gosstandart

Coulometric determination
of sulfur dioxide

(0÷50) mg/m3

- «» -

±7%

Model GAU-2 gas
analytical unit

Coulometric determination
of heptyl

(0÷104) mg/m3

- «» -

±7%

GAU gas analytical
unit

For calibration of
gas analyzers
CHIMGAN-1
Calibration of
gas analyzers
CHIMGAN-2
Calibration of
gas analyzers
CHIMGAN-2.
CHIMGAN-G
Calibration of
gas analyzers of
CHIMGAN
series

Calibration scheme is normative-technical document establishing the subordination of measuring
tools involved in transfer of size of units from the standard (or the original reference measuring tool) to
working measuring tools.
In the field of gas analytical measurements, such a document is a technique in which the calibration
scheme is generalized. It is envisaged that for each measuring task (characterized by the component
composition of analyzed medium, measured by physical quantity and range of its values), a certain
implementation of calibration scheme is fixed. For this, it is necessary, first, to classify the measuring task
and measuring instrument (gas analyzer).
Based on outlined in methodology classification characteristics, the task of measuring the mass
concentration of ethyl mercaptan in air should be attributed to the tasks of group C or D (gas analytical tasks
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of limited distribution). The unit for the tasks of group C is reproduced with reference measuring tools of
the first category, for group G is reproduced with reference tools of the second category.
The considered tool for measuring the mass concentration of mercaptan, i.e. gas analyzer has two
measurement ranges (0 ÷ 50) mg/m3 and (0 ÷ 100) mg/m3, accuracy class is 20. According to table 5 [8],
gas analyzer with the specified characteristics should be assigned to RSM-3 group.
Analysis and comparison of possible options allows recognizing calibration method associated with
the use of reference dynamic generator of gas mixtures with permeable tubes as the optimal. The advantage
of the chosen calibration method is in possibility of achieving satisfactory reliability of monitoring the
metrological characteristics of gas analyzer at the lowest total cost of generator operating. Calibration
scheme, formed taking into account the above considerations was developed. It is advisable to establish the
productivity of certified permeable tubes by the gravimetric method. In this case, borrowed measuring tools:
analytical balance with weighing limit of 20 g and division value of 0.01 mg, time meter, as well as pure
ethyl mercaptan [9], etc. are used for certification. Tubes (ampoules) filled with liquid ethyl mercaptan are
weighed periodically through 24-72 hours for 150 hours, and the experiments were repeated at four
temperatures. Therefore, the temperature characteristic of stable sources of microflows of gases and vapors
is obtained. Therefore, the generator of the second category acts as the highest link in calibration circuit for
this gas analytical task [10].
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